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mental ﬁndings using either technique can be translated to the other
technique.
METHODS Combined measurements of distal pressure and Doppler
ﬂow velocity using the Combowire, as well as simultaneous assess-
ment of distal pressure and mean transit time using the Pressurewire
were obtained. In total 19 patients were enrolled directly following
revascularization for ST segment elevation myocardial infarction and
32 coronary arteries were measured. The study comprised measure-
ments in infarct related arteries (n¼19) and reference arteries (n¼13).
Measurements were obtained both under resting and hyperemic
conditions. In 5 coronary arteries (16%) Doppler spectral velocity
signals were of insufﬁcient quality and these measurements were
discarded.
RESULTS A strong correlation coefﬁcient between Doppler derived
coronary ﬂow reserve (CFRDoppler) and thermodilution derived CFR
(CFRThermo) of R¼0.887; P<0.001 was found. CFRThermo overestimated
CFRDoppler by 0.09 using Bland-Altman analysis. The correlation be-
tween Doppler derived hyperemic microvascular resistance (HMR)
and thermodilution derived index of microcirculatory resistance
(IMR) was non-signiﬁcant with R¼0.327; P¼0.10.
CONCLUSIONS In this study the correlation between CFRDoppler and
CFRthermo was very strong, while the correlation between HMR and
IMR was non-signiﬁcant. Our ﬁndings suggest that both methods to
quantify microvascular function are feasible, but an important dif-
ference exists between Doppler deﬁned ﬂow velocity and thermodi-
lution deﬁned mean transit time.
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BACKGROUND Instantaneous Wave-free Ratio (iFR) is a novel tech-
nology for physiological assessment of severity of coronary stenosis
that precludes the use of adenosine. Conversely, Fractional Flow
Reserve (FFR), which is generally considered the reference standard,
uses adenosine. We sought to evaluate the overall diagnostic perfor-
mance of iFR for coronary lesion assessment.
METHODS PubMed, Web of Science database were searched through
5th June 2015 for English languages studies comparing iFR versus a
reference test. Data on sensitivity, speciﬁcity, positive and negative
predictive values (PPV & NPV) & accuracy of iFR against the reference
test were extracted. A bivariate random effects meta-analysis was
performed to compute summary sensitivity, speciﬁcity, LRþ (likeli-
hood ratio), LR- & diagnostic odds ratio (DOR) and a hierarchical
summary receiver-operating curve (HSROC) was constructed. Study
quality (QUADAS2), publication bias, heterogeneity were assessed.
RESULTS Ten studies involving assessment of 4892 intermediate
coronary stenoses were identiﬁed for analysis. In 8 studies FFR was
used as the reference test (cut-off for positive FFR < 0.8). One study
used coronary ﬂow reserve (CFR < 2) while the other used cardiac
SPECT with hyperemic stenosis resistance (HSR) as the reference
tests. Cutoffs used for positive iFR ranged from 0.83 to 0.92. There
was no publication bias (Deek’s p value ¼ 0.77). Signiﬁcant hetero-
geneity due to threshold effect was seen. The pooled sensitivity and
speciﬁcity are (0.75 CI: 0.68-0.81) and (0.87 CI: 0.79-0.92) respec-
tively. LRþ (5.7 CI: 3.79-8.58), LR- (0.29 CI: 0.25-0.34) and DOR (19.75
CI: 14.83-26.3) were estimated for iFR. c-statistic (AUC) of iFR was
(0.86 CI: 0.83-0.89) against the reference tests suggesting moderate to
high diagnostic performance. Exclusion of the studies, which used
tests other than FFR as the reference test, did not signiﬁcantly alter
the study results.CONCLUSIONS Our meta-analysis showed that iFR has moderate to
high diagnostic performance in detecting the severity of the inter-
mediate coronary lesions compared to FFR.
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BACKGROUND Coronary microvascular function can be assessed
invasively by combining measurements of coronary pressure and
ﬂow. The index of microcirculator resistance (IMR), obtained using
thermodilution derived mean transit time, has conﬂicting data
whether it is inﬂuenced by epicardial stenosis severity. For Doppler
ﬂow velocity derived hyperemic microvascular resistance (HMR) this
has not been investigated. We aimed to explore whether HMR is a
microcirculatory speciﬁc value.
METHODS Simultaneous measurements of intracoronary distal
Doppler ﬂow velocity and pressure under hyperemic conditions, were
obtained in an obstructed and non-obstructed coronary artery in 45
patients. 68 pairs containing one of the 57 obstructed vessels and one
of the 55 non-obstructed vessels were formed. HMR was compared
between obstructed and non-obstructed vessels using paired samples
T-test and the correlation between HMR in the pairs was tested using
the Pearson’s test. These analyses were repeated after excluding
3 patients and 7 pairs in which the obstructed vessel had an
FFR < 0.60 – which may suggest collateral ﬂow from different terri-
tories was present.
RESULTS In the entire cohort, HMR was 2.510.88 in obstructed
versus 2.400.88 mmHg/cm per second in non-obstructed values,
was not signiﬁcantly different (P¼0.331). HMR values in the obstruc-
ted and non-obstructed vessels were signiﬁcantly correlated:
R¼0.491, P<0.001. After exclusion of obstructed vessels with an
FFR < 0.60, HMR approached equipoise in obstructed and non-
obstructed vessels: 2.410.84 vs. 2.400.90 mmHg/cm per respec-
tively (P¼0.922). The correlation coefﬁcient improved to: R¼0.540;
P<0.001 after exclusion of vessels with FFR < 0.60.
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pendent of the presence of a stenosis, especially in vessels not
receiving collateral supply. These results indicate that HMR can
indeed be used clinically to assess microcirculatory function regard-
less of the presence of an epicardial coronary stenosis.
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BACKGROUND The accuracy of Fractional Flow Reserve (FFR) mea-
surement in routine clinical practice is unknown.
METHODS The CONTRAST (Can cONTrast Injection Better Approxi-
mate FFR compAred to Pure reSTing Physiology) study was a large
multi-center trial of FFR measurements with contrast (cFFR), intra-
venous (IV) and intracoronary (IC) adenosine with duplicate mea-
surement for each hyperemic agent that was analyzed by an
independent core laboratory (CL). CL analysis included independent
calculation of FFR, wave-form analysis of the aortic and distal coro-
nary pressure and evaluation of pressure drift of the coronary pres-
sure to assess the incidence, pattern, and causes of suboptimal FFR
measurements.
RESULTS A total of 750 pts were enrolled in the study and 3366 FFR
tracings were analyzed by the CL (mean of 4.5 tracings per pt). The
overall agreement between CL calculated vs. operator reported FFR
was excellent (Bland-Altman 0.0030.019) with only 25 (3.9%) pts
showing an FFR difference of >0.03. Pullback data was available in
605 (80.7%) pts of which 117 (19.3%) pts had evidence for signal drift
deﬁned as pre-speciﬁed Pd/Pa <0.97 or >1.03. Among the remaining
2807 tracings (633 pts) without evidence of signal drift, 160 (5.7%)
tracings were noted to have damping of the aortic wave form and 103
(3.7%) had distorted aortic or distal coronary wave-forms. Overall, 150
(20%) pts had signal drift or an abnormal wave-form, affecting all
tracing in 33 pts and signal drift by pullback in 117 pts. Predictors of
aortic pressure damping and distorted wave forms are presented in
the Table. However, there was no signiﬁcant difference noted in the
overall agreement between cFFR and adenosine FFR when using all
tracings (AUC 85.9%, 0.930) or only CL accepted tracings (AUC 85.5%,
0.929).Distorted Wave Formp-ValuePresent AbsentPer patient5 Fr guiding catheter 53.3% (32/60) 14.7% (84/573) <0.0001Per tracingDuring FFR with contrast 63.1% (65/103) 45.0% (1146/2544) <0.0001During FFR with IC Adenosine 4.9% (5/103) 30.9% (786/2544) <0.0001Aortic Pressure Dampingp-ValuePresent AbsentPer patient5 Fr guiding catheter 9.2% (6/65) 19.4% (110/568) 0.045Per tracingDuring FFR with IC Adenosine 50.6% (81/160) 30.9% (786/2544) <0.0001CONCLUSIONS This is the ﬁrst reported CL analysis of FFR mea-
surements demonstrating an overall excellent agreement between
operator reported and CL calculated FFR. However, a substantial
number of pts were found to have either signal drift on pullback
(15.6%) or artifacts (4.4%); this did not alter the overall study results
and its clinical relevance remains unknown. Attention to detail is
critical when measuring FFR to ensure accurate results.
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BACKGROUND Current guidelines discourage aortic stenosis (AS)
evaluation by direct pressure measurement if echocardiography
(echo) is adequate. However several studies show sizable differences
between echo and catheterization (cath) lab measurements. Low ﬂow/
low gradient (LF/LG) severe aortic stenosis (AS) with preserved EF
constitutes a real challenge with no clear method to conﬁrm the
severity of AS in this group. Normal ﬂow/ low gradient AS with pre-
served EF is considered as echocardiography miscalculation by
guidelines. Using pressure wire for aortic stenosis assessment may
offer a safe and higher quality technique to assess the severity of AS in
LF/LG and NF/LG AS with preserved EF.
METHODS 104 Sequential patients with AVA 50% underwent right
and left heart cath by two operators with pressure gradients via left
ventricular (St. Jude) pressure wire and ascending aorta catheter. Of
these, there were 57 with high gradient (HG), 33 with LF/LG and 14
with NF/LG. Cath derived values were based on simultaneous pres-
sure wire recording of left ventricular pressure and ﬂuid ﬁlled pres-
sure catheter recording of aortic pressure measured > 5 cm above the
valve. Cardiac output was calculated by thermodilution.
RESULTS While the classiﬁcation of severe AS by cath and echocar-
diography was concordant in 96% of HG AS patients (55/57), there was
large discrepancy of this classiﬁcation in patients with LF/LG and NF/
LG. Severe AS was conﬁrmed with cardiac in 67% of LF/LG patients
(22/33) and 43% of those with NF/LG (6/14). No clinical strokes or TIA
were observed in the 30 days after procedure in any of the patients.
CONCLUSIONS Invasive hemodynamic assessment of AS can be
beneﬁcial in identifying true severe AS in patients with LF/LG and NF/
LG severe AS with preserved EF.
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BACKGROUND While coronary angiogram detects only 5 to 10% of the
volume of coronary tree, no direct measurement is currently available
to measure the microcirculation, which represents the remaining 90
to 95%. A novel infusion catheter was developed to directly measure
absolute coronary blood ﬂow and microvascular resistances.
METHODS A novel monorail infusion catheter with a double lumen
associated with a pressure temperature sensor wire is able to assess
coronary blood ﬂow and microvascular resistances. Coronary blood
ﬂow is calculated with the following formula Q¼Qi x 1,08 x Ti/T, Q is
the coronary ﬂow (mL/min), and Qi the infusion rate of saline at room
temperature (mL/min), Ti is the saline infusion temperature (Celsius
degree) and T is the temperature at the distal part of the coronary
artery. Myocardial resistances are equal to the distal pressure divided
by the absolute myocardial ﬂow in mmHg.min.mL-1. Hyperemia was
obtained with the infusion of saline itself. Test retest stability of the
measurements was studied after re-instrumentation of the coronary
artery.
RESULTS During coronary angiography, we performed in 30 patients
coronary blood ﬂow and myocardial resistances in 54 vessels and test/
retest measurements in 34 vessels. There were 22 LAD, 12 LCx and 20
RCA. Mean hyperemic coronary ﬂows in the LAD, the circumﬂex artery
and the RCA were respectively: 17074, 14142 and 16539 mL/min.
Mean microvascular resistances in the LAD, the LCx and the RCA were
respectively: 0.470.17, 0.590.15 and 0.510.15 mmHg.min.mL-1.
Test/retest stability of the measurements were studied in 34 vessels
after re-instrumentation of the coronary artery showed a good repro-
ducibility for both coronary blood ﬂow and microvascular resistances
